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From the Blood Transfusion Centre, Sheffield (RECEIVED FOR PUBLICATION NOVEMBER 10, 1951) The discovery of several new blood-group systems within recent years and the development of new techniques for the detection of antibodies have shown that the time-honoured methods for the direct matching of blood preparatory to transfusion are inadequate and may be dangerously fallacious.
Tests in an albumin medium and the use of the indirect Coombs test are the most reliable methods so far developed for detecting incompatibility, and where direct matching which is not urgent is performed in hospital laboratories these procedures should, ideally, always be carried out. (It is, however, realized that this is not yet the case.) Ultimately, perhaps, all direct matching of blood will be carried out by pathologists, blood transfusion officers, and trained technicians working in laboratories equipped for the purpose. At present, however, a great deal of urgent direct tnatching, especially at night, falls to the lot of harassed and relatively inexperienced junior doctors who have neither the time nor the inclination to pursue the niceties of serological technique. Tube tests in albumin cannot satisfactorily be carried out in less than one and a half hours; the indirect Coombs test requires practice and careful controlling to give valid results, and is, essentially, a laboratory test. Neither of these tests, however reliable their results, is therefore wholly satisfactory as a method for use in emergencies or for those who are not experienced in their use.
The purpose of this paper is to attempt (1) to show the fallacy of compatibility tests in a saline medium; (2) to demonstrate the reliability of the tube technique of direct matching using an albumin medium; and (3) to explore certain other methods of direct matching, in an endeavour to find a method which will combine speed and simplicity with the greatest possible degree of reliability.
Scope of the Investigation It was decided to test a number of sera against cells of known ABO group and Rhesus type. The nature of the sera was not known to the investigator; some contained anti-D in complete or incomplete forms (of varying titre) and some contained no inmune antibodies. As some of the sera to be used contained anti-A or anti-B, cells of group 0 were used throughout. Errors in ABO grouping must now be very rare and the methods to be described would effectively reveal ABO incompatibility. In order to reproduce as closely as possible the conditions obtaining in hospitals, the blood samples were collected aseptically from bottles taken from the blood-bank of the Regional Transfusion Centre. The blood used was comparable to that issued to hospitals, having been withdrawn from the donors from three to 20 days before testing.
In this investigation 72 sera, representing " patients' " sera, were each tested for compatibility with four different cell samples: three were 0 Rh positive and one was 0 Rh negative. A number of the sera were inert; the others were known to contain anti-D. Strongly reacting sera were not chosen, as it was hoped to find a method which would detect anti-D in the low concentrations usually found in patients. The anti-D sera had all been obtained from Rh negative women immunized by pregnancy, and their specificity and titres had all been confirmed by the M.R.C. Blood Group Reference Laboratory, Lister Institute. The sera were selected by an independent worker from the Sheffield serum panel, and the identity of each serum was not known to the investigator until the experiments were completed.
Altogether, eight different compatibility tests were used, although not every serum was tested against four cells by every method. Of the 72 sera tested, 11 proved to be inert and 61 to contain anti-D. Of these, the Blood Group Reference Laboratory had confirmed that 49 contained incomplete, three complete, and nine a mixture of complete and incomplete anti-D. The inert sera and Rh negative cells acted as controls. Albumin Tube Method.-This gave the most accurate results. No " false negatives" were obtained with this method. In no case did the cells and serum appear to be compatible when they were not so. There was one " false positive": an Rh positive cell gave a W reaction with an inert AB serum. This result could not be repeated and is presumed to be due to technical error. Unagglutinated cells tend to look " sticky " in albumin, but this appearance is quite distinct from the very large clumps easily seen in the positives and there was never any doubt whether a given tube showed a positive or negative result.
Saline Tube Method.-It will be seen from Table I that this method is much less sensitive than the albumin technique because it fails to detect incomplete anti-D in "patient's" sera.
Saline Tube Method with Centrifuging.-This method is rapid, but may possibly give rise to two errors in interpreting the results, due to (1) mistaking groups of sedimented cells for agglutinates; (2) breaking up agglutinates when resuspending the sedimented cells.
This method has shown itself considerably less sensitive than the standard saline tube technique in this investigation, and, like it, fails to detect albumin-agglutinating anti-D.
Tile Technique.-This is included for the sake of completeness. 
Interpretation of Results
It must be emphasized that the figures obtained refer only to the relative sensitivity of the various methods in detecting a particular type of immune antibody (anti-D). As far as safety in transfusion is concerned, the most important figures are the " false negatives," those tests which gave a result indicating compatibility between patient's serum and " donor's " cells, when, in fact, the serum contained an antibody capable of agglutinating those cells. The percentages of such results for the various methods are given in the right-hand column of Table I . These results show the fallaciousness of compatibility tests in a saline medium, and the reliability of compatibility tests in an albumin medium.
The 
Summary
The relative sensitivity of eight types of direct compatibility test was estimated by comparing their ability to detect weak immune antibodies (anti-D). The great reliability of tube tests using albumin was demonstrated, as was the insensitivity of similar tests in a saline medium. Of the rapid methods of direct matching, the most reliable were found to be two modifications of the Diamond test. The occasional " false negative " results given by these methods did not show any definite correlation with the age of the cells, or the titre of the sera used. When direct matching which is not urgent is done in hospital laboratories, a tube-test using albumin (and perhaps the indirect Coombs test) should always be carried out. When urgent direct matching has to be carried out and laboratory facilities are not available, the modified Diamond methods described appear to give the most trustworthy results.
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